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COiMPLETE SPECIFICATION. 
Preparation of Coenzyme Q-10. 



We, Merck & Co., Inc., a Corporation 
duly organised and existing under the laws 
of the State of New Jersey, United States of 
America, of Rahway, New Jersey, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cnbed in and by the following statement: — 
This invention relates to the methods of 
production of a certain class of quinones, 
known as "Coenzymes-Q" by fermentation. 

According to the invention, there is pro- 
vided a process for producing Coenzyme 
Q-10, which comprises cultivation of a bac- 
terial strain selected from the genera Pseu- 
domonas and Proteus in an aqueous medium 
containing assimilable sources of carbohy- 
drates, nitrogen and essential inorganic salts 
until a demonstrable amount of the quinone, 
Coenzyme Q-10, has been formed and 
isolating Coenzyme Q-10 by a method which 
comprises treating the resulting broth by ex- 
traction with an organic solvent phase either 
after or without previous hydrolytic treat- 
ment. 

The Coenzymes Q are members of a class 
of 2,3-dimethoxy-5-methyl quinones, in which 
the 6-position is substituted with a side chain 
varying in length from five to ten isoprenoid 
units linked serially "head to tail" and which 
are designated -Q-10, -Q-9, -Q-8, etc., accord- 
ing to the number of isoprenoid units. The 
members of this class have coenzymatic 
activity in the electron transport particle of 
the oxidative or energy-producing system of 
heart-muscle cells. One of these essential 
quinones, most particularly that one known as 
-Coenzyme Q-10, has been discovered bound 
in, and has been prepared from certain living 
purees, especially beef heart muscle 
(Crane, HateG, Lester and Widmer, Biochim. 
[Price 4 S . 6</.] 



Biophys, Acts 25, 220 (1957)). Other quin- 
ones of this class having side chains of vary- 
ing lengths have also been prepared from 45 
living sources and are also effective in this 
enzyme system as measured by the oxidative 
respiration or mitochondrial preparations. 

The present invention makes possible the 
preparation of the essential quinone known 50 
as Coenzyme Q-10 in substantial, commer- 
cially significant quantity by means of fer- 
mentations which may be conducted on a 
suitably large scale (e.g. in submerged cul- 
ture which may be aerated and stirred 55 
vigorously). Formerly Coenzyme Q-10 the 
coenzyme from heart muscle tissue, was 
available only by preparation from such 
tissue by arduous methods and at relatively 
great expense due to the considerable cost of 60 
this source material, and the tedious pro- 
cessing required. 

The fermentation process may be varied 
according to the specific inoculating organ- 
ism .» ™ growth and metabolic processes of 65 
which influence the amount and specific type 
of Coenzyme Q which may be produced the 
nutrient medium used, the time and tem- 
perature of the fermentation, and the 
mechanics of handling the resulting broth 70 
and steps of isolation of the desired end- 
product, which is a substituted quinone 
known at Q-10. 

In carrying out the process of this inven- 
tion, the nutrient medium required is pre- 75 
pared using a carbohydrate source such as 
pure sucrose or brown sugar, dextrose 
maltose, lactose, beet molasses, as well as 
rye, hydrol, ribose, dried whey, or cotton- 
seed meal. A source of assimilable nitrogen 80 
which may be selected from nitrogen-con- 
taining compounds and complexes such as 
pure or degraded proteins, amino acids, dis- 
tillers solubles, corn-steep liquor, yeast auto- 
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lysate, soybean meal and urea, and includ- 
ing inorganic ammonium compounds, and 
inorganic nitrogen-containing compounds is 
added to the medium. 
5 Ordinarily, from 1 to 10% of assimilable 
carbon source may be used; the percentage 
necessarily varies with the characteristics of 
the compound or crude course taken for use. 
The assimilable nitrogen source may be used 
10 at a concentration of about 0.1% of the 
medium, but necessarily this will vary con- 
siderably due to the nature of the pure com- 
pounds or crude source. 

Certain mineral nutrients may be required, 
15 depending on the culture used for inocula- 
tion. It is desirable to add sources of potas- 
sium, sulphur and phosphorus, and traces of 
zinc, iron, manganese, and magnesium. When 
the culture is prepared from refined ma- 
20 terials, it may be essential to add any or all 
of these elements; however, when technical 
or crude sources of assimilable carbon and 
nitrogen are used, trace elements may be 
present in sufficient quantity. The additions 
25 may be made in the form of any available 
and suitable salt such as the nitrates, chlor- 
ides, or sulphates. . 

The amount of Coenzyme Q-10 resulting 
in the fermentation broth may be higher if 
30 relatively higher concentrations of certain of 
these nutrients are used, but, as is common 
in the art, a definite relationship cannot be- : 
formally stated mathematically as in an 
arithmetical or algebraic formula. 
35 After preparing the medium in water 
solution in sterile condition and cooling if 
necessary, it is inoculated with a culture of 
one of the suitable strains of the genus 
Pseudomonas or of the genus Proteus. 
40 In order to discover which of the species 
of these certain genera are suitable for 
growth and production of Coenzyme Q-10 
by fermentation, the organism is commonly 
grown in shake flasks which are agitated and 
45 aerated by a rotary shaker for a period of 
time from 10 to 100 hours, after which the 
resulting broth is cooled and filtered or 
centrifuged depending on the suitability of 
either procedure. 
50 The solids are collected and then hydro- 
lysed with alcoholic potassium hydroxide by 
boiling under reflux, in order to release the 
Coenzyme Q from the cells. 

The present invention anticipates the pos- 
55 sibility of hydrolysing the entire broth as 
well as the separated solids. 

The mixture resulting from the hydrolytic 
treatment is cooled and extracted with light 
petroleum fraction, and the extract is dried 
60 and a solution made up for application of 
the modified Craven's test hereinafter des- 
cribed, which is a colour test to which 
alkoxy-substituted quinones generally re- 
spond by production of a blue colour. 
65 Organisms which produce considerable 



amounts of Coenzyme Q as judged by this 
assay may be used to produce inocula. In 
particular those organisms that produce Co- 
enzyme known as Q-10 in high yield are 
selected. Specifically these have been dis- 70 
covered by taking culture extracts, obtained 
as specified above, and comparing these with 
known standards of Coenzyme Q-10 on a 
paper chromatographic system by means of 
developing the spots on the papers, which 7o 
are coated with Vaseline as a non-mobile 
phase, with selected solvent systems such as 
dimethylformamide containing carefully con- 
trolled trace amounts of water. After de- 
velopment, the papers are inspected for the 80 
location of yellow spots, and are sprayed 
with dyes to further intensify the spot in 
question if desired, thereby identifying the 
Coenzyme Q which is present. Cultures of 
bacteria thus identified which produce the 35 
Coenzyme Q-10 are selected for growth in 
suitable media. 

Specifically, it has been discovered that 
cultures of the aenus Proteus such as Proteus 
vulgaris (strain 3307, H-form) a living cul- 90 
ture of which has been in the American Type 
Culture Collection (ATCC 6897) can produce 
Coenzyme Q-10. By the same means, it 
has been discovered that cultures from the 
crenus Pseudomonas, such as Pseudomonas 95 
denitrificans, a culture of which has been 
deposited in the Northern Regional Research 
Laboratories type culture collection, and 
designated as NRRL-B-1665, and which has 
the characteristics of this species as des- 100 
cribed in Bersey's Manual of Determmative 
Bacterioloay^Sixth Edition, Breede, Murray 
and Hitchi'ns), and a Pseudomonas, a living 
culture of which has been deposited m the 
American Type Culture Collection, No. 105 
13283, produce Coenzyme Q-10 when grown 
and assayed as specified hereinbefore. 

It is to be understood that this invention is 
intended to include also those mutant strains 
which may be produced from the species of 110 
the senus Proteus and the genus Pseudo- 
monas by ultraviolet irradiation, X-ray 
radiations, treatment with nitrogen mustard 
type compounds, other physical and chemical 
treatments, and spontaneous mutations as 115 
are commonly used and found in the art. 

After inoculating the growth medium pre- 
pared for this process with a culture of such 
bacteria, the batch is preferably, though not 
necessarily, aerated and stirred or shaken 120 
vigorously, under otherwise sterile conditions 
to" prevent contamination, at temperatures 
between 15 and 50°C, preferably within 27— 
37° C, for periods of 10 hours to 10 days, 
depending on the rate of growth achieved. 125 
After fermentation is reasonably complete, 
as judged by density of growth or other suit- 
able means, the cells and broth are harvested 
bv stODoins aeration and agitation, and then 
filtering of centrifuging down the cellular 130 
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material. The cellular material i&. then pro- 
cessed by hydrolysis in the presence of an 
alcoholic alkali and pyrogallol, and extracted 
with a solvent, which is usually a fraction 
5 of petroleum similar to a hexanc cut; the 
organic solvent extracts are washed, dried, 
filtered and concentrated, thereby leaving a 
relatively crude residue of the quinone form 
of Coenzyme Q-10. 

10 This crude residue containing Coenzyme 
Q-10 may be assayed by one of a number 
of means, such as the modified Craven's test 
(production of a blue colour by action of 
ethyl cyanoacetate and alkali in ethanolic 

15 solution), paper chromatographic pro- 
cedures, and the differential in intensity of 
light absorption at 275 m/i before and after 
reduction with such reagents as sodium 
borohydride. 

20 Without departing from the present in- 
vention, it is possible to hydrolyse the total 
broth produced by the fermentation, although 
it is ordinarily preferred to keep the "total 
volumes smaller by hydrolysing only the 
solids such as the cellular material, because 
the available Coenzyme Q produced by fer- 
mentation usually resides therein. 

The cells in the both may also be broken 
by lysis, prior to application of any hydro- 

<M lysis step. 

The present invention anticipates the pos- 
sibility of hydrolysis with other acid or 
alkaline reagents, including protection of the 
Coenzyme Q-10 during this treatment by 

*5 antioxidants other than pyrogallol, or reduc- 
ing agents such as a metal-and-acid or metal- 
and-alkali combination and hydrides, or 
omission of such agents in favour of use'of a 
protecting atmosphere of non-reactive but 

40 oxygen-excluding gas such as nitrogen, or 
maintenance of a reducing atmosphere such 
as hydrogen. 

The present invention also anticipates 
direct extraction without prior hydrolysis 

45 since solvent treatments, agitation with 
chloroform, acetone or alcohol, singly or 
mixed, have been found in the art to directly 
lyse cell walls and release cell constituents. 
The or S anic solvent extracts, obtained by 

£0 such means applied in any combination, 
upon evaporation leave a relatively crude 
concentrate of Coenzyme Q-10, which is of 
sufficient purity for direct application to 
crude mixtures such as feedstuff supplements, 

55 and in the reduced form (hydroquinone of 
Coenzyme Q-10) as antioxidants, such hydro- 
quinones being generally recognized as use- 
ful in the art of supplementation designed to 
prevent development of rancidity in com- 

W mercially supplied fats and oils. This quin- 
one, being a bound constituent of mam- 
mahan tissue, is even more acceptable for 
such uses. 

* K i. S r Uch relativel y cru <te preparations may 
b5 be further purified by chromatographic pro- 



cedures using one or several of the various 
adsorbents useful in the art, such as the 
alumino-silicates, of which "FlorisiT and 
"Decalso" (Registered Trade Marks) are 
commercial examples, or alumina, or silica 70 
gel, together with eluting solvents which are 
petroleum fractions admixed with more polar 
solvents such as ethers, chloroform, halo- 
genated solvents, benzene, ketones or alco- 
hols as the polarity of the adsorbing agent 75 
requires. In the case of partition chromato- 
graphy, hydrophobic supports may be pre- 
pared by known techniques from many 
diverse materials such as silica gel, rubber 
powder, cellulose or diatomaceous earths, 80 
and the eluting solvents must be of a more 
polar, but immiscible, nature such as alco- 
hols or amides, while the supported solvent 
phase is chosen from non-polar type such as 
benzene, petroleum fractions and the like. 85 

Another technique which can effect sub- 
stantial purification is countercurrent extrac- 
tion with solvent phases such as dimethyl- 
formamide containing water and petroleum 
fractions. The final eluates or concentrates 90 
may be purified by crystallization from sol- 
vents in which the solubility range at low 
temperature is useful, specific examples being 
acetone or ethanol. Substantially pure Co- 
enzyme Q-10 thereby obtained as an orange- 95 
yellow solid melting in the range 47 — 50° C. 
Such crystalline preparations are recognized 
as pure Coenzyme Q-10 by differentiation 
from other "Coenzyme Q" (Q-9, Q-8, etc.) 
by means of paper chromatography, and 100 
infra-red and nuclear magnetic resonance 
spectra which are indistinguishable from 
those of other pure samples of authentic 
Coenzyme Q-10 prepared from beef heart 
muscle. 

The following examples are intended to be 
illustrative of the invention. It is to be 
understood that many modifications are pos- 
sible in the inoculating organism used, the 
nutrient medium in which the selected 110 
organism is grown, the technique of fermen- 
tation applied, and the detailed procedure of 
isolation of the Coenzyme Q-10 produced 
without departing from this invention. 

Example 1. 115 
A nutrient medium known as "Meat-27" 
was prepared with the following ingredients : 

Commercial enzymatic digest of 
casein (N-Z amine) ... ... l 

Dextrose \ 

Commercial Meat Extract 
("Difco"^a Registered Trade 

n Mark) o.5 g. 

Sodium chloride 0 5g 

Water qs 100* ml! 125 

After sterilization by heat (autoclaved with 
steam at 15 lbs. per sq. in. gauge pressure 



g. 120 
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and cooled), a 250-mL flask containing 50 
ml. of medium was inoculated aseptically 
with a true culture of Proteus vulgaris ATCC 
6897 and agitated under .otherwise sterile 

5 conditions at approximately 28° C. for about 
24 hours on a rotary shaking table. This 
sub-culture was then distributed in portions 
as inoculum to 20 sterile flasks, which con- 
tained approximately 50 ml. each of "Meat- 

10 27" medium prepared as above. These were 
then incubated at approximately 28° with 
aeration and agitation on a rotary shaker for 
60 to 70 hours. 
Bhe broth produced (940 mL altogether 

15 was collected) was cenfrifuged and the col- 
lected- cellular solids dried (1.73 g. of dry 
weight). This material was hydrblysed with 
a mixture of 50 ml. of water, 100 ml. of 10% 
potassium hydroxide in ethanol, and 4 g. of 

20 pyrogallol, by refluxing for 30 minutes. The 
mixture was cooled, and extracted three 
times with 100 ml. portions of Skelly-solve 
B. The combined organic extracts were 
concentrated to a residue by a current of air 

25 in the hood, taken up in 5 ml. of 95% 
ethanol, and the modified Craven's colori- 
metric test was applied as follows: — 

Method for Colorimetric Determination 
. ('Modified Craven's Tesf 9 ) 

30 To 4 ml. of the above solution in alcohol 
to be assayed was added 1 ml. of ethyl 
cyanoacetate and 1 ml. of 0.2N potassium 
hydroxide solution. A blue colour de- 
veloped, indicating a positive test, and was 

35 read 30 minutes after the addition of re- 
agents in a Lumitron colorimeter, using a 
blue filter which passes the 620 m/x wave- 
length of visible light The reading obtained 
was 62, which was compared with standard 

40 curves determined from application of this 
test to authentic Coenzyme Q-10, and showed 
a content of 250 meg. of equivalent Co- 
enzyme Q in the total sample obtained, or 
144 meg. per gram of dried cellular material. 

45 : Example 2. 

Proteus vulgaris ATCC 6897 was fer- 
mented as in Example 1, using the medium 
"Meat-27" as in Example 1, and the cellular 
- material produced -was collected; the dry 

50 weight -was 2.11 g. This dry cellular ma- 
terial . was hydrolysed with alcoholic potas- 
sium hydroxide and pyrogallol, and extracted 
with Skelly-solve B as set forth in Example 
I, The extracts were concentrated and ex- 

55 amined by paper chromatography. 

Method for Paper Chromatography 

Whatman No. 1 paper is impregnated with 
"Vaseline" (a Registered Trade Mark) by 
passing the sheet through a 5% solution 
60 of Vaseline in petroleum ether and allowing 
it to dry. • The paper is cut into circles about 
30 cm. in diameter and a circular hole of 



about 1 — 1.5 cm. is bored in the centre. The 
samples to be tested are taken up in a suit- 
able solvent and applied as small spots on 65 
points of a circle drawn concentric with the 
centre hole. Standards of known Coenzyme 
Q-10 are also applied, both alone, and ad- 
mixed with the sample to^be tested. Approxi- 
mately 30 meg. are required if the material is 70 
visualized as a yellow spot. As littie as 3 
meg. can be seen under an ultraviolet light 
as a dark (ultraviolet-absorbing) area. After 
application of the test spots and drying, the 
papers are developed by placing them hori- 75 
zontally in a glass chamber supported by 
the outer edges of the circle. (This is con- 
veniently accomplished by placing on a 
"Pyrex" glass pie plate ["Pyrex" is a Regis- 
tered Trade Mark] with ground edges and 80 
covering with a similar plate, inverted.) 
Solvent for development is prepared by add- 
ing from one to three per cent water to di- 
methyl formamide, and this solution is 
saturated by shaking with "Vaseline". This 85 
solvent is placed in a cup below the paper, 
and a wick, made of a strip of untreated 
paper rolled into a short tube is inserted 
through the centre hole into the solvent 
(thereby feeding the sheet with solvent by 90 
means of rising capillary action). The sheet 
is afterwards dried and inspected visually, 
and, if necessary, under ultraviolet light. If 
further intensification of a spot is desired, it 
may be sprayed with a reduced solution 95 
(leuco-) of methylene blue dye, which is 
rapidly oxidized by quinone of this type to 
give a blue spot (approximately 1 meg. of 
Coenzyme Q-10 may be detected in this 
way). Depending on the percentage of water 100 
in the developing solvent, Coenzyme Q-10 
has an R, of 0.2 to 0.6. 

When the extract obtained by fermenta- 
tion otPrdteus vulgaris ATCC6897 was ex- 
amined by the technique of circular paper 105 
chromatography and compared with authen- 
tic samples of Coenzyme Q-10, on such a 
paper developed with dimethyl formamide 
containing 2% of water, there was found a 
distinct yellow zone having R f 0.33, not 110 
resolved when admixed with known Co- 
enzyme Q-10 obtained from beef heart 
muscle. 

Example 3. 

By the method of Example 1, a series of 115 
flasks containing "Meat-27" medium was 
inoculated with Pseudomonas sp. ATCC 
13283 from a culture grown for 21 hours at 
28° C. in a shake flask as illustrated above. 
After a series of 20 flasks thus inoculated, 120 
each containing approximately 50 mL of 
medium, has been agitated on a rotary shak- 
ing machine for 68 hours at 28° C, 940 ml. 
of broth was harvested and the dried cellular 
material weighed 2.60 g. It was processed 125 
-as in Example 1, yielding a test solution 
which was assayed by the colorimetric deter- 
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mination of Example 1. The colorimeter 
reading of 7.0 indicated a content of over 
1000 meg. of Coenzyme Q in the total 
sample, or more than 376 meg. per gram dry 
5 weight of cells. 

Example 4. 
A fermentation of Pseudomonas sp. 
(ATCC 13283, as hereinbefore specified) was 
run in approximately 1 litre altogether of 

10 "Meat-27" medium by the procedure of 
Example 3. After 66 hours, the cellular 
material was harvested as exemplified before, 
and dried, 2,56 g. being obtained. This 
residue was worked up by means of the 

15 alkaline hydrolysis procedure illustrated in 
Example 1, and the Skelly-solve extracts were 
examined by the paper chromatographic 
method illustrated in detail in Example 2. 
The paper chromatogram was run with 

'20 known standards of authentic Coenzyme 
Q-10, and the developing solvent used was 
dimethyl formamide containing 1% water. 
When the paper circle was fully developed, 
the sample tested was found to have a yellow 

25 spot not resolved from that of authentic 
Coenzyme Q-10, the R f observed being 0.51 
in the case of this solvent mixture. 

Example 5. 
A culture of Pseudomonas denitrificans 
30 NRRL B-1665 was prepared by inoculating 
50 ml. of sterile "Difco" Nutrient Broth in 
a 250 ml. flask under otherwise sterile con- 
ditions with a pure culture of this bacterium, 
and agitating it for 24 hours on a rotary 
35 shaker table at 28° C. 

The broth so prepared was then used as 
inoculum for 20 flasks similar prepared, each 
containing approximately 50 ml. of sterile 
"Difco" Nutrient Broth. These were agi- 

40 tated for 60 hours on a rotary shaker table 
at 28° C. Approximately one litre of whole 
broth so obtained was harvested, the cellular 
material was separated by centrifugation* 
and dried; weight 1.01 g. 

45 This was treated by the alkaline hydrolysis 
and Skelly-solve extraction procedure given 
in detail in Example 1. The extracts when 
dried were tested by the colorimetric deter- 
mination given in Example 1. The photo- 

50 meter reading was 79.8 which is equivalent 
to 30 meg. of Coenzyme Q-10 according to 
the standard curves prepared from tests on 
authentic samples of this quinone, or 30 meg. 
per gram of dry cell weight. 



Beet molasses 120 g. 

Diammonium hydrogen phosphate 6 g. 

Magnesium sulphate heptahydrate 1 g. 

Manganese sulphate tetrahydrate 0.2 g. 65 

Zinc sulphate heptahydrate ... 12.5 g. 
Sodium molybdate dihydrate 



55 



€0 



5mg. 



Example 6. 
A variety of media, including crude and 
pure ingredients may be used for prepara- 
tion of Coenzyme Q-10 by fermentation. A 
nutrient medium is prepared by combining 
the following ingredients with one litre of. 
water : — 



After making up with distilled water, the 
pH is adjusted to 7.5; then the medium is 
sterilized by application of steam at 15 lb. 70 
per sq. in. gauge pressure for at least 20 
minutes, and cooled. (This may be con- 
veniently done after distribution of portions 
into shake flasks.) 

The flasks, after adding medium and 75 
sterilization, are inoculated with a pure cul- 
ture of suitable strain of Pseudomonas deni- 
trificans such as NRRL-B-1665, under aseptic 
conditions. After allowing growth to pro- 
ceed for 60 to 100 hours, while the flasks are 80 
agitated on a rotary shaker at 28° C, the 
broth is harvested. A typical run gave, from 
1000 ml. of harvested broth, 19.9 g. of dry 
cellular material, which when worked up by 
the procedures exemplified hereinbefore 85 
yielded 41.4 mg. of Coenzyme Q-10 as deter- 
mined by colorimetry and paper chromato- 
graphy. 

Example 7. 

A synthetic medium is prepared from the 90 
following ingredients in one litre of distilled 
water : — 

Sucrose 30 g. 

Monosodium glutamate ... ... 5 g. 

Diammonium hydrogen phosphate 4 g. 95 

Magnesium sulphate 4 g. 

Potassium chloride 0.091 g. 

Sodium molybdate 5 mg. 

Ferrous sulphate heptahydrate ... 20 mg. 

The medium is adjusted to pH 6.5 to 6.8 100 
before sterilization under the conditions of 
Example 6. After inoculating with a suit- 
able pure culture selected from the genus 
Pseudomonas, such as Pseudomonas denitri- 
ficans (NRRL-B-1665), the fermentation is 105 
conducted according to the procedure of 
Example 6. The Coenzyme Q-10 produced 
is isolated as crude extract and determined 
by the procedures of Examples 1 and 2. 

From a sample of 995 ml. of harvested 110 
broth, the dried cellular material weighed 
3.9 g. When this was treated by the pro- 
cedures extemplified hereinbefore, 3.95 mg. 
of Coenzyme Q-10 was found by colorimetry 
and paper chromatography. 115 

Example 8. 
A nutrient medium is prepared from the 
following ingredients in I litre of distilled 
water: — • 



Soy peptone 
Dextrose 



10 

30 



g. 120 
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Diammonium hydrogen phosphate 4 g. 

Magnesium sulphate * £• 

Potassium chloride «- uyi S- 

Sodium molybdate ... -•• 5 m S- 

5 Ferrous sulphate heptahydrate ... 20 mg. 

This medium is adjusted and sterilized as 
in the previous examples and inoculated 
under aseptic conditions with a suitable 
strain of Pseudomonas, such as Pseudomonas 

10 denitrificans NRRL-B-1665. 

After fermentation as exemplified herein- 
before, the harvested broth from a run 
amounted to 995 ml., from which 4.25 g./i- 
of dry cellular material was obtained. When 

15 this was worked up by the procedures ex- 
emplified above. 4.5 mg. of Coenzyme Q 
was shown to be present by colorimetnc 
assay. 

Example 9. 

20 A nutrient medium is prepared from the 
following ingredients and essential inorganic 
salts in 1 litre of distilled water:— 

Crystalline dextrose , •■■ 50 6- 

Commercial Yeast Extract ("Difco ) 10 g. 

25 The medium is adjusted to pH 7.0 before 
sterilization. By the techniques exemplified 
above, it is inoculated under aseptic con- 
ditions with a suitable strain of Pseudomonas 
so such as Pseudomonas denitrificans 

30 NRRL-B-1665, and after 60 hours to 10 days 
of agitation at approximately 28 me 
cellular material is harvested. 
■ From a typical run, 1 litre of harvested 
broth yielded 9.4 g. of dry cellular material. 

35 When this was worked up by the procedures 
exemplified above, 5.7 mg. of Coenzyme 
Q-10 was found by colorimetry and paper 
chromatography. 

Example 10. 
40 This example illustrates commercial, large- 
scale production. A nutrient medium is pre- 
pared by combining the following lngredi- 
-erits: — 



Beet molasses — ••• — 12 f£ f 

45 Diammonimn hydrogen phosphate fi 

Magnesium sulphate heptahydrate 1U g- 

. Manganese sulphate tetrahydrate 2 g- 

Zinc sulphate heptahydrate — "-2g- 

Ferrous sulphate heptahydrate ... 

50 Sodium molybdate dihydrate ... sumg. 

- - These are made up "to a volume of 10 litres 
with pure water, the pH is adjusted to 7.5, 
and the batch is sterilized by application of 
live steam at 120°C, 15 lb, per sq. in. gauge 
65 pressure, for not less than 30 minutes, ^ 
The whole batch, contamed m a sterile 
fermentation chamber arranged for stirring 
and simultaneous aeration with a vigorous 
stream of sterile air, is brought to a tem- 



perature substantially less than 40° C. and 60- 
inoculated under otherwise sterile conditions 
with the whole contents of a shake flask or 
flasks containing about 500 ml. of a broth of 
vegetative growth of the pure strain of the 
onanism felected, grown substantially as 65 
illustrated in Examples 1, 2, 3, 4 and 5. 

The batch is aerated and stirred vigorously 
for approximately two days, depending on 
the rate of growth achieved, at about 28 
When the growth is sufficient, as judged by 70 
density of cellular material, the contents of 
the f ennenter are then used as inoculum tor 
a larger batch, as follows: — 

A medium is prepared for 1,000 litres 
substantially as described above, but using 75 
larger quantities:— 

Beet molasses ... •-• — 6 °kg- 
Diammonium hydrogen phosphate a £g. 
Magnesium sulphate heptahydrate 1kg. 
Manganese sulphate tetrahydrate 200 g. »t> 
Zinc sulphate heptahydrate ... 20 g. 
Ferrous sulphate heptahydrate ... 20 g. 
Sodium molybdate dihydrate ... -> S- 

These ingredients are combined, in a 
2000—3000 litre fermentation vat, arranged so 
for vigorous stirring and aeration by means 
of the usual turbines, rotors, spargers, and 
baffles They are combined and made up to 
volume S approximately 1,000 htres of 
suitably pretreated purified water, either in 90 
the fermenter vessel, or a separate vat, and 
sterilized prior to introduction into such a 
sterile fermentation vat or sterilized in situ 
by the above-illustrated means. The pH is 
adjusted to 7.0 to 7.5 before stermzation. 95 
After cooling the medium to less than 40 
a sterile transfer of the inoculum prepared 
abovfof which volumes of 50 to 10C I litres 
are usually used, is made into the large ter- 
Senter The 1,000 litres of medium plus 100 
inoculum introduced is stirred and aerated 
vigorously which depends on the strain 
chosen, for periods of I to 10 days at tem- 
peratures of 28-30° C. At periods of time, 
usually varying between 1 and 4 days of for- 105 
mentation time, sterile addition of about 60 
kg more of beet molasses and 3 to 3 Kg. 
more of diammonium hydrogen phosphate 
usually promotes greater growth vtt unit 
volume, thereby effecting substantia?. ?< 50110- 110 
mies. After the batch has.achwvec » suffi- 
cient density of vegetative growth., the cellu- 
lar material is harvested by conventional 

meaDS - Example 11. u 1» 

Cells of Fseudomotias demtrificans ob- 
tained in large' scale fermentation were 
centrifuged.from whole broth; in all, 275 g. 
of moist cellular material was obtained (this 
was equivalent to 75 g. of dry weight). The 120 
moist cake was mixed with 25 g. of pyro- 
oallol and 400 ml. of ethanol (2% benzene, 
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absolute) and 100 g. of potassium hydroxide 
in a one-litre flask and the mixture was 
boiled under reflux for one hour, cooled in 
an ice bath for 30 minutes diluted with 300 

5 ml. of water and extracted three times suc- 
cessively with 800 ml. portions of light 
petroleum, such as Skellysolve B. These 
combined extracts were washed twice with 
300 ml. portions of water, dried over an- 

10 hydrous sodium sulphate, and filtered. Con- 
centration of the filtrate by removal of all 
the solvent in vacuo left an orange residue, 
weight 760 mg. of crude oily extract con- 
taining Coenzyme Q-10. 

15 Assay by Differential Ultraviolet Absorption 
A small portion of this crude extract 
(chosen so that about Img. of pure Coenzyme 
Q-10 is taken) is made up in solution in pure 
ethanol. (A volume of 25 ml. is convenient.) 

20 About 10 ml. of such solution is treated with 
an excess (10—20 mg.) of solid sodium boro- 
hydride. After thorough agitation for about 
one minute, reduction is complete and the 
suspended solids are centrifuged. The optical 

25 density at 275 m/x of this supernatant solu- 
tion of the reduced form is then determined 
in a suitable spectrophotometer such as a 
Beckman Model DU. The optical density 
of the untreated solution is also thus deter- 



mined at 275 m/i. From the densities ob- 30 
tained, the E% values of both oxidized and 
reduced forms are determined. The differ- 
ential in E% is approximately 140 for pure 
Coenzyme Q-10, when measured at 275 
m/A as above. When the differential found 35 
for the unknown sample is multiplied by 
100 

, it is clear that the per cent content of 

140 

equivalent Coenzyme Q-10 is the result. 

When this method was applied to the 
crude oil obtained above, it was found to 40 
show a differential absorption equivalent to 
a content of 134 mg. of Coenzyme Q-10. 

Chromatography on Alumino-Silicate 
Adsorbents 

A solution of 680 mg. of the orange oily 4:5 
residue obtained as described above in 10 
ml. of light petroleum fraction (Skellysolve 
B) was poured on to a chromatographic 
column of 1 1 g. of alumino-silicate adsorbent 
(Florisil) (60 to 100 mesh) packed in a 1 cm. 50 
diameter tube in Skellysolve B. After the 
solution had run into the column, elution 
was continued with Skellysolve B, and fur- 
ther elution with mixtures of diethyl ether 
and Skellysolve B. The fractions obtained 55 
are shown in the tabulation below: — 



Fraction 
Volume in ml. 



60 



Fraction 1 

Fraction 2 
Fraction 3 



Developing Solvent 



Colour 



125 125 ml. Skellysolve B Colourless 

100 mi. of 5% ether- 
1 00 25 % Skellysolve B Pale yellow 

80 100 ml. of 50% ether- 

50% Skellysolve B Orange 



All fractions were evaporated separately, 
G5 leaving oily residues. Fraction 3 contained 
the Coenzyme Q-10; a determination by the 
differential ultraviolet absorption method 
given above indicated the presence of 134 
mg. of Coenzyme Q-10 in this fraction. 
70 A solution of the residue from fraction 3 
described above was made in 3 ml. of Skelly- 



solve B. It was applied to the top of a 
column made by packing 1.5 g. of alumino- 
silicate adsorbent (Decalso, 50 mesh and 
finer) in a column 0.5 cm. in diameter in 75 
Skellysolve B. The column was eluted with 
Skellysolve B and ether-Skellysolve B as 
tabulated below: — 



80 



85 



90 



Developmg Solvent 



Fraction 
No. Volume in ml. 



45 ml. Skellysolve B 
(40 ml. of 5% ether- 

95% Skellysolve 



B) 



2 
3 
4 



Isolation of of Crystalline Coenzyme Q-10 

Fraction 2 from the column described 
above was concentrated to an oily residue 
which was dissolved in 1 ml. of acetone. 
The solution was kept in an ice bath for four 



Colour 



.15 

10 
40 
20 



Colourless 

Orange 
Pale yellow 
Colourless 



hours. A little material may also be recovered 
from Fraction 3. The orange-yellow crystals 
deposited were collected and recrystallized 
twice from acetone in the same way. This 
yielded 67.8 mg. of pure Coenzyme Q-10 as 



95 
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orange-yellow solid of melting point 47— 
48°. This material was demonstrated to be 
identical with Coenzyme Q-10 prepared from 
beef heart muscle by the following observa- 
5 tions: — 

Analysis: Calculated for C 3 oHoqO±* 
C, 82.08; H, 10.51. 
Found: C, 82.12; H,10.70. 

Ultraviolet absorption spectrum in ethanol; 
10 oxidized (quinone) forms: X max. at 275 

and 410 m/t E found : 163 at 275 m/x. 
Differential E% at *275m/i (absorption of 
oxidized form minus absorption of reduced 
form): 137. 

15 Paper chromatography by the method 
given in Example 2 showed this material not 
resolvable from authentic Coenzyme Q-10 
prepared from beef heart muscle. The infra- 
red and nuclear magnetic resonance spectra 

20 of the sample prepared above were identical 
with the corresponding spectra determined 
on Coenzyme Q-10 prepared from beef heart 
muscle. 

Example 12. 
25 A medium was prepared with the follow- 
ing ingredients: — 

Commercial enzymatic digest of 

casein (N-Z- Amine) ... 1 g. 

Dextrose 1 g- 

30 Sodium chloride ... 0.5 g. 

Water q.s ... 100 ml. 

After sterilization in an autoclave at 15 
lbs. per sq. in. gauge pressure, a 250 mL 
Erlenmeyer flask containing 50 ml. of the 

35 above medium was inoculated aseptically 
with a scraping from a slant culture of 
species of Fseudomonas listed below and in- 
cubated for 24—48 hours at 28° C. or 37 
C. on a shaking machine. Then twenty 250 

40 ml. Erlenmeyer flasks containing 50 ml. of a 
medium consisting of 1% yeast extract and 
3% dextrose were sterilized and inoculated 
with 0.5 ml. of the inoculum prepared as 
described above and incubated on a shaking 

45 machine at 28° C. or 37° C. for 1—3 days 
until good growth was obtained. The growth 
from each culture was then pooled for de- 
termination and characterization of Coen- 
zyme Q. 

50 " The following microorganisms were grown 
in this manner: — 

Pseudomonas azotocottigans ATCC 12417 
Fseudomonas diminuta ATCC 11568 
Pseudomonas woodsii ATCC 9655 
55 Pseudomonas tomato ATCC 10862 

Pseudomonas vitiswoodrowii ATCC 11636 

About 1 liter quantities of each of the cul- 
ture broths obtained by the fermentation of 
each of the species of Pseudomonas identi- 



fied above were centrifuged and the cells 60 
suspended in about 50 ml. of water. 

The cell suspension from a given culture 
was diluted with an equal volume of ethanol. 
Five grams of pyrogallol and 10 g. of sod- 
ium hydroxide were added and the mixture 65 
was refluxed one-half hour. The mixture 
was extracted three times with 100 ml. vol- 
umes of hexane. The solvent extracts were 
combined, washed twice with 50 ml. por- 
tions of water, and then concentrated in 70 
vacuo to dryness. 

Quantitative coenzyme Q determinations 
and papergrams were performed using such 
concentrates. The technique for papergram 
analysis is described in the paper, Coen- 7o 
zyme Q. XVII. Arch. Biochem. Biophys., 
89, 318—321 (I960). The spectophoto- 
metric assay used is described in the paper 
by Linn et al in the J.A.C.S. Volume 81, 
pp. 4008—4009 (1959). *<> 

In each of the concentrates prepared from 
the culture broths, Coenzyme Q-10 was 
found to be present by the papergram pro- 
cedure referred to above. The spectro- 
photometric assays for total Coenzyme Q 85 
on the concentrates obtained from the broths 
were as follows: — 



Pseudomonas azotocolligans 
Pseudomonas diminuta ... 
Pseudomonas woodsii 
Pseudomonas tomato ... 
"Pseudomonas vitiswoodrowii 



yQi&UV) 
.. 240 

840 
.. 1200 
74 

110 



90 



WHAT WE CLAIM IS: — 

1. A process for producing Coenzyme vo 
Q-10, which comprises cultivation of a bac- 
terial strain selected from the genera Pseu- 
domonas and Proteus in an aqueous med- 
ium containing assimilable sources of carbo- 
hydrates, nitrogen and essential inorganic 100 
salts until a demonstrable amount of the 
quinone, Coenzyme Q-10 has been formed 
and isolated Coenzyme Q-10 by a method 
which comprises treating the resulting broth 

by extraction with an organic solvent phase 105 
either after or without previous hydrolytic 
treatment. . 

2. A process according to Claim 1, 
wherein the bacterial strain is a strain of 

* Pseudomonas . denitrificans. HO 

3. A process according to Claim 2, 
wherein the bacterial strain is Pseudomonas 
denitrificans NRRL-B-1665. 

4. A process according to Claim 1, 
wherein the bacterial strain is Pseudomonas 115 
sp. ATCC 13283. . 

5. A process according to Claim l, 
wherein the bacterial strain is a strain of 
Proteus vulgaris. . 10A 

6. A process according to Claim 5, i^t> 
wherein the bacterial strain is Proteus vul- 
garis ATCC 6897. 
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7. A process according ..to any preceding 
claim, wherein the broth is treated to separ- 
ate the cellular solids, the said solids are 
hydrolysed by alcoholic alkali, with suitable 

5 protection against oxidative degradation, 
and the resulting liquor is treated by subse- 
quent extraction with an organic solvent 
phase, chromatography, and crystallization, 
to, provide a highly purified and crystalline 
10 preparation of Coenzyme Q-10. 

8. A process according to any preceding 
claim, wherein the cultivation is effected in 



a submerged aerobic culture at 20 — 40° C. 

9. A process according to Claim 1, sub- 
stantially as hereinbefore described in any 15 
of the examples. 

10. Coenzyme Q-10 when prepared by 
a process according to any preceding claim. 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 Staple Inn, London, W.C.I. 
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